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Method and Apparatus for 
Managing an Operation 

Cross Reference to Related Applications 

This application is related to United States Provisional Patent Application number 
60/297,563 filed on 12 June 2001 , herein incorporated by reference. 

Background of Invention 



[0001] This invention relates to a method and an apparatus for managing an operation. 
More particularly, this invention relates to a computer-related method and apparatus 
for managing a maintenance operation to be performed on a gas turbine engine. 
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[0002] The following terms and phrases will be used throughout the specification. 



p: [0003] Bill of Material (BOM) refers to a list of components that define a product, such as 
fll a gas turbine engine. 

[0004] Master Parts List or Grand BOM refers to a list of all potential parts that could be 
used in the product. 

[0005] As-Built BOM refers to a list of parts used by the Original Equipment Manufacturer 
(OEM) or the maintenance facility to assemble the produa. 

[0006] 

As-Shipped BOM refers to a list of parts in the product when the OEM or the 
maintenance facility releases the product. Since the product may undergo testing after 
assembly, the As-Shipped BOM may not be the same as the As-Built BOM. If testing 
proves successful, the OEM or the maintenance facility releases the product engine 
and the As-Shipped BOM will mirror the As-Built BOM. If testing proves unsuccessful, 
the OEM or the maintenance facility may replace parts on the product and perform 
additional testing. If the OEM or the maintenance facility replaces parts, the As- 
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Shipped BOM will not be the same as the As-Built BOM. 



[0007] As-Received Configuration refers to a list of parts found in the product by the 
maintenance facility during disassembly. If the maintenance facility performed the 
previous maintenance operation, then the As-Received Configuration will be the same 
as the As-Shipped BOM. 

[0008] Planned Configuration refers to a preliminary list of parts selected by the 
maintenance facility for reassembly into the product. 

[0009] Should Build Configuration refers to a list of parts selected by the maintenance for 
reassembly into the product. 

g [001 0] Engine Manual refers to a publication that contains OEM and aviation authority 

( e.g. Federal Aviation Administration. Joint Aviation Authority, etc. ) approved engine 
maintenance procedures. 



m 
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[001 1] Illustrated Parts Catalog refers to a publication that provides part numbers and 

l3 illustrations for parts used to manufacture an engine and for replacement parts. 

ifl 

■Sir I 

[001 2] Service Bulletin refers to a publication containing OEM and aviation authority 
approved technical data for incorporating an engineering change into an existing 
engine. The Service Bulletin includes work instruaions necessary to incorporate the 
engineering change into the engine. 

[001 3] Add Parts List refers to the parts that the Service Bulletin can add to the engine. 

[001 4] Cancel Parts Ust refers to the parts that the Service Bulletin can remove from the 
engine. 

[00 1 5J Sets Requirement refers to a stipulation in the Service Bulletin that all of the parts 
on the Add Parts List must be added to the engine and that all of the parts on the 
Cancel Parts List must be removed from the engine. In other words, a Sets 
Requirement prohibits partial incorporation of the Service Bulletin. 

[001 6] A Prerequisite Service Bulletin refers to a Service Bulletin already incorporated into 
an engine before a maintenance facility performs the subject Service Bulletin. 
Typically, the subjea Service Bulletin reworks some of the changes made by the 
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Prerequisite Service Bulletin A Concurrent Service Bulletin refers to a Service Bulletin 
that a maintenance facility must accomplish at least simultaneously with the subject 
Service Bulletin. 



m 



[001 7] A Superceding Service Bulletin refers to a Service Bulletin that replaces the subject 
Service Bulletin. 

[001 8] A Recommended Service Bulletin refers to a Service Bulletin that a maintenance 
facility should accomplish along with the subject Service Bulletin in order to gain 
maximum benefit of the Service Bulletins. 

[001 9] A maintenance facility can perform a variety of operations on an engine. While 

performing these maintenance operations, the maintenance facility must ensure that 
the engine retains a valid configuration, in other words, the maintenance facility must 
verify that each part used in the engine is compatible with the other parts used in the 
engine. This process is known as configuration management. 

[0020] While simple in theory, real life configuration management creates a daunting task 
for the maintenance facility. Configuration management becomes increasingly 
convoluted with the successive complexity of the maintenance operation. Maintenance 
operations include, in increasing order of complexity, maintenance, repair and 
pj overhaul. 

[0021] Conventional configuration management is so complex during an overhaul that 
maintenance facilities perform the process manually. In fact, maintenance facilities 
often use several individuals to perform this task. The individuals performing 
configuration management typically consult several discrete sources of information. 
These sources include Engine IWanuals, Illustrated Parts Catalogs and Service Bulletins. 
These sources of information are either hard copies or electronic versions of the hard 
copy. By manually cross-referencing these discrete sources, the individuals ensure 
that each part seleaed for reinstallation in the engine is proper and is compatible with 
the remaining parts. 

[0022] However, such manual configuration management consumes a significant amount 
of time. In light of the increased time constraints placed on the maintenance facility 
during an overhaul, a desire exists for a replacement process that is quicker than 
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conventional manual configuration management. 
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[0023] Conventional manual configuration management also requires multiple audits to 
ensure accuracy. Clearly, a desire exists for a replacement process that does not 
require such multiple audits. 

[0024] Furthermore, conventional manual configuration management is incapable of 

repeatability. A maintenance facility performing the same maintenance operation on 
two identical engines would need to perform the same time consuming configuration 
management research twice. The individuals performing the research on the first 
engine cannot transfer this knowledge under the current manual process to the 
research for the second engine. Clearly, a desire exists for a replacement process that 
is repeatable. 

[0025] Finally, conventional manual configuration management may not produce 
consistent results. For example, different individuals may interpret information 
contained within a Service Bulletin differently. These different interpretations may 
result in the issuance of different work instructions for an identical procedure. Clearly, 
a desire exists for a replacement process that provides consistent results. 

Summary of Invention 

[0026] It is an object of the present invention to provide a new and improved method and 
apparatus for managing an operation. 

[0027] It is a further object of the present invention to provide a method and apparatus 
for maintaining a product. 

[0028] It is a further object of the present invention to provide a maintenance method 
and apparatus having a reduced number of manual steps. 

[0029] It is a further object of the present invention to provide a computerized method 
and apparatus for assisting a maintenance operation performed on a gas turbine 
engine. 

[0030] It is a further object of the present invention to provide a maintenance method 
and apparatus that reduces the time duration of a maintenance operation. 
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[0031] It is a further object of the present invention to provide a maintenance method 
and apparatus that eliminates multiple audits. 

[0032] It is a further object of the present invention to provide a maintenance method 
and apparatus that is repeatable for different products. 

[0033] These and other objects of the present invention are achieved in one aspect by a 
computerized method of defining a woric scope, comprising the steps of: providing a 
list of tasks; selecting a desired task from the list; adding the desired task to the work 
scope; determining whether a related task exists; and adding the related task to the 
work scope if the related task exists. 

[0034] These and other objects of the present invention are achieved in another aspect by 
a computerized method of modifying a work scope, comprising the steps of: 
providing a work scope of a plurality of tasks; choosing a selected task from the tasks; 
locating an alternate task that is suitable as a substitute for the selected task; 
determining whether a conflict exists between the alternate task and a remainder of 
the tasks; and substituting the selected task in the work scope with the alternate task 
if no conflict exists. 

[0035] These and other objects of the present invention are achieved In another aspect by 
a computerized method of displaying a graphical representation of a relationship 
between data elements within a database, comprising the steps of: providing a 
database of data groups, each data group containing at least one data element; 
selecting a desired one of the data elements; searching the database for instances of 
the desired data element; determining a relationship between the data groups which 
contain the desired data element; and displaying the relationship. 

Brief Description of Drawings 

[0036] Other uses and advantages of the present invention will become apparent to those 
skilled in the art upon reference to the specification and the drawings, in which: 

[0037] Figure 1 is a flowchart of the steps involved in a typical engine overhaul; 

[0038] Figure 2 is a schematic of a computer system used by the present invention; 
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[0039] Figure 3 is a screen shot of the computer system in Figure 2 during various stages 
in the performance of a first tasic; 

[0040] Figures 4a and 4b are screen shots of the computer system in Figure 2 at various 
stages in the performance of a second tasl<; 

[0041] Figure 5 is a screen shot of the computer system during performance of a second 
tasIc; and 

[0042] Figure 6 is another screen shot of the computer system during performance of a 
second task. 

Detailed Description 

While the present invention could be used to manage any type of operation on any 
type of product, the following description refers specifically to the management of the 
overhaul process of a gas turbine engine. Figure 1 shows a flowchart of the main 
steps involved in a typical engine overhaul process 10. 

As a first step 1 2 of the overhaul process 1 0, the maintenance facility prepares the 
work scope. The work scope identifies the operations that the maintenance facility will 
perform on the engine. As will be described in more detail below, the maintenance 
facility may utilize the present invention to help develop the work scope in the first 
step 12. 

At a second step 14, the maintenance facility receives the engine. In a third step 
1 6, the maintenance facility disassembles the engine according to the work 
instructions needed to perform the work scope. At a fourth step 1 8, the maintenance 
facility inspects the disassembled parts. The inspection determines, for example, 
whether each part: (1) can be returned to service ( Le. a serviceable part); (2) requires 
rework; or (3) must be removed from service. 

A fifth step 20 determines whether the maintenance facility must revise the work 
scope based upon the parts removed from the engine. For example, the maintenance 
facility may discover that the As-Received Configuration includes a part not found on 
the As-Shipped Configuration. The maintenance facility may also discover a condition 
(damage, excessive wear, etc, ) during disassembly that requires further disassembly 



PI 
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[0043] 



[0044] 



[0045] 



[0046] 
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of the engine. As a result, the maintenance facility must revise the work scope to 
disposition the unexpected part or to include the additional disassembly steps. If a 
wori< scope revision is necessary, then the process revises the worl< scope at step 19 
and returns to the fourth step 1 8 to complete any additional operations required from 
the revised work scope. 

[0047] As will be described in more detail below, the maintenance facility may utilize the 
present invention to help revise the work scope in step 1 9. If no work scope revision is 
necessary, then the process continues to the next step. 

[0048] A sixth step 22 sources the parts needed for reassembly of the engine. As 
discussed above, the inspection in the fourth step 1 8 groups parts Into three 
categories serviceable, requiring rework or remove from service. The maintenance 
facility preferably routes parts identified as serviceable directly to the assembly area. 
The maintenance facility preferably routes parts identified as requiring rework to a 
repair source (either an Internal location or external vendor). After rework, the parts 
Fll travel to the assembly area. Finally, the maintenance facility preferably routes parts 

O identified as remove from service to a materials review section to determine whether 

I;! the maintenance facility must scrap the part. 



Q [0049] Problems may arise while sourcing a part. For example, the maintenance facility 
may discover that a part is unavailable, has a long lead-time or turnaround, or is too 
costly (when compared to similar parts). To avoid delaying the overhaul and/or to 
reduce costs, the maintenance facility may seek to use a suitable alternate part. The 
alternate part, however, must not alter an otherwise valid engine configuration. In 
other words, the alternate part must be compatible with all of the other parts used in 
the engine. As will be described in more detail below, the maintenance facility may 
utilize the present invention to find alternate parts in the sixth step 22. 



[0050] 



A seventh step 24 reassembles the engine with the sourced parts obtained during 
the fifth step 20. An eighth step 26 tests the engine to ensure satisfactory operation. 
A ninth step 28 determines the success of the testing performed in the eighth step 
26. If successful, the process continues to a tenth step 30 which releases the 
overhauled engine to the engine owner. If unsuccessful, the process goes to an 
eleventh step 32 which performs any rework necessary to ensure the engine passes 
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subsequent testing. Upon completing the eleventh step 32, the process returns to the 
eighth step 26 to retest the engine. 

[0051] The present Invention provides a tool to accomplish configuration management 
during a maintenance operation. Differently than conventional methods, the tool uses 
a computer system to assist actively with the configuration management process. 
Figure 2 presents a schematic representation of such a computer system. Generally 
speaking, the computer system could include a general purpose computer 101 with a 
suitable processor (not shown), memory (not shown), one or more mass storage 
devices (not shown), one or more input devices 103 ( e.g. mouse, keyboard or bar 
code scanner) and one or more output devices 1 05 ( e.g. monitor or printer). 

[0052] The computer 1 01 could be connected to a network 1 07 with conventional 

connection technology ( e.g. LAN, WAN, dial-up or wireless). Using the network 107, 
the computer 101 could access one or more remote resources, such as one or more 
servers 1 09. 

[0053] The computer 1 01 should be capable of running a program locally. The program 
may be written in any suitable language, such as dynamic HTIWL or JAVA script. 
Preferably, the program provides one of the output devices 105 with a graphical user 
I interface to help the individual readily perform configuration management. The 

program has several modules to assist the individual during various stages of the 
maintenance operation. These modules can perform various functions through access 
to one or more databases. Each module will be described in more detail below. 

[0054] The server 1 09 could include the same components as computer 1 01 . However, 
the server 1 09 should have the capability to process and to store larger amounts of 
data than the computer 101. 

[0055] 

The maintenance facility may utilize a planning module 200 of the tool during the 
first step 1 2 of the overhaul process 1 0. Specifically, the maintenance facility may use 
the planning module 200 to help generate a list of the modifications to the engine 
that will occur during overhaul. Typically, the maintenance facility assembles such list 
before the engine arrives for the overhaul. The work scope of an overhaul includes the 
incorporation of selected Service Bulletins ("SBs"). The selected SBs include mandatory 



APP ID=1 0063922 



Page 8 of 29 



SBs and any optional SBs requested by the engine owner. The maintenance facility and 
the engine owner jointly assemble the modification scope. 

[0056] When the maintenance facility seeks to perform an SB on the engine, the 

maintenance facility must remain cognizant of any related SBs. Examples of related 
SBs include prerequisite SBs, concurrent SBs, superceding SBs and recommended SBs. 
As appropriate, the maintenance facility may need to add the completion of one or 
more of the related SBs to the modification scope. 

[0057] The server 1 09 includes an SB database 111. The SB database 1 1 1 preferably 
includes electronic versions of the hard copy SBs ( e.g. in HTML format) for viewing 
upon request by the user and a version of the SBs in a codification understood by the 
program when accessed during the queries discussed below. The program could 
include another module (not shown) to allow the maintenance facility to input new SBs 
into the SB database 111 for access by the user and by the program. 

[0058] Figure 3 displays a screen 201 generated by the planning module 200 of the 
program to assist the maintenance facility create the work scope. The screen 201 
could include an input section 203, a filter section 205, a results seaion 207, a 
decision section 209 and an output section 211. Any other suitable arrangement 
could be used. The various sections of the screen 201 will be described in more detail 
below. 

[0059] The user can manipulate the input device 1 03 to populate the input seaion 203 of 
the screen 201 with information specific to the engine. The input section 203 can 
accept any information sufficient to assist the user in generating the work scope for 
the overhaul of the engine. In the figure, the input section 203 allows the user to 
enter characteristics of the engine, such as the model number, fan diameter, and the 
name of the aircraft manufacturer. Other appropriate attributes could be used. These 
attributes help with the data sorting described below. 

[0060] 

The program will then search the SB database 1 11 for instances of the attributes 
provided in the input section 203 using conventional techniques. Since the number of 
relevant SBs may be numerous, the program allows the user to filter the results. The 
user can choose which results to view by making selections in a filter section 205. The 
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filter section 205 allows, for example, the user to limit the search results by the 
engine module affected by the SB (the right side of the filter section 205) and/or by SB 
category (the left side of the filter section 205). The program preferably has a default 
filter setting suited to the needs of the particular engine owner. The program could 
use other filtering methods. 

[0061] The program displays the results of the search (after the aforementioned filtering) 
in the results section 207. In other words, the program only displays the relevant SBs. 
The program can arrange the results section 207 in any helpful manner. The results 
section 207 has two display categories eligible SBs and recommended SBs. The results 
section 207 places all SBs that satisfy the attributes provided in the input section 203 
In the eligible SB category. From these eligible SBs, the results section 207 also places 
the recommended SBs in the recommended category. In other words, the 
recommended category is a subset of the SBs appearing in the eligible category. The 
program can sort the results in this manner using conventional techniques. 

[0062] The user manipulates the input device 1 03 to indicate which SBs the engine owner 
desires to include in the modification scope. After making a choice with the input 
device 1 03 ( e,g, by left-clicking the mouse), the user can include the selected SB in 
the modification scope by clicking the Add button appearing In the decision section 
209. Before placing the SB in the output section 211 and in the temporary register of 
modification scope in the memory of the computer 1 01 , the program performs several 
checks. 

[0063] First, the program will search the SB database 1 1 1 on the server 1 09 to determine 
if a superceding SB exists. If a superceding SB does exist, the program queries the 
user to choose which SB to add to the output section 211 - the superceding SB or the 
superceded SB. The program will then add the chosen SB to the output section 21 1 as 
seen In Figure 3d and to a temporary register of modification scope within the 
memory of the computer 1 01 . 

[0064] Second, the program will search the SB database 11 1 to determine if any other 

related SBs exist. Such related SBs include pre-requisite, concurrent or recommended 
SBs. If related SBs do exist, the program may: (I) automatically add the related SBs to 
the modification scope; (ii) query the user whether to add the related SBs to the 
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modification scope; or (iii) any combination of (1) and (ii) above. The program could 
allow the user to pre-select which types of related SBs the program will automatically 
add to the modification scope and which related SBs the user should select for 
inclusion in the modification scope. The program could accomplish this by allowing 
the user to adjust settings (not shown) on a pop-up control panel (not shown). 

[0065] Should the user desire any additional information regarding a specific SB during 
this process, the user can select the SB with the input device 1 03 and select the Detail 
button 213. The program preferably launches the electronic version of the SB from the 
SB database 111 for viewing by the user. This option could alternately be available on 
a pop-up menu accessed by right-clicking the mouse. The program will access the SB 
database 1 1 1 and provide the desired information to the user, preferably in another 
screen (not shown). 

[0066] If necessary, the user can remove an SB from the modification scope by selecting 
the desired SB in output section 21 1 and clicking the Remove button in the decision 
section 209 with the input device 103. Accordingly, the program reverses the steps 
described above when adding an SB to the modification scope ( Le, also removing the 
related SBs from the modification scope). 

[0067] Once the user has added all of the desired SBs to the modification scope, the user 
manipulates the input device 1 03 to select OK button 215. Before generating the new 
modification scope, the program performs one final check. The program accesses an 
engine maintenance history database 11 3 to ensure whether the selected SBs have 
already been performed on the engine. The engine maintenance history database 1 1 3 
preferably includes at least a listing of the SBs already performed on the engine. 
Should the temporary work scope register include pre-performed SBs, the program 
notifies the user (not shown) and allows the user to remove such SBs from the 
modification scope. Alternatively, the program could remove pre-performed SBs from 
the modification scope automatically. 

[0068] ji^^ program then creates a modification scope database 11 5 on the server 1 09 
(or modifies a pre-existing modification scope database 11 5 on the server 109). Now 
on the server 109, other areas of the maintenance facility can access the modification 
scope database 1 1 5 (along with other documents such as the Engine Manual ("EM")) in 
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order to assemble the various work instructions necessary to perform the overhaul on 
the engine. This task occurs independent of the present invention. 

10069] The program then iterates the modification scope database 1 1 5 through an As- 
Shipped BOIVI database 1 1 7 to create a Planned Configuration database 11 9. In other 
words, the program generates a preliminary determination of the parts that the 
maintenance facility will reassemble on the engine. Generating the Planned 
Configuration database 119 helps the maintenance facility begin considering the 
logistics of the maintenance operation. 

[0070] With the modification scope database 1 1 5 and the Planned Configuration database 
1 1 9 generated, the overhaul process 1 0 progresses to the sixth step 22. While 
preparing to perform or while performing the overhaul, the maintenance facility may 
discover a sourcing problem with one or more of the parts destined for installation in 
the engine. As discussed above, sourcing problems could include an unfillable order, 
part unavailability, excessive lead-time, or high part price. 

[0071] The program could notify the maintenance facility of this sourcing problem after 
comparing the Planned Configuration database 11 9 to a database (not shown) of parts 
affected by sourcing problems. The maintenance facility could also learn of sourcing 
problems away from the program ( e,g. sourcing problems that have occurred after 
the most recent update of the database). The maintenance facility preferably utilizes 
an analysis module 300 of the present invention to alleviate the sourcing problem. 

[0072] Figure 4a displays a screen 301 generated by the analysis module 300 of the 

program to assist the maintenance facility after discovering a sourcing problem. The 
screen 301 could include an input section 303 and a results section 305. Any other 
suitable arrangement could be used. The various sections will be described in more 
detail below. 

[0073] 

The input section 303 of the screen 301 preferably allows the user to enter part- 
specific information in box 303a or more generalized information in box 303b. 
However, the program could use any type of information sufficient to assist the user 
in modifying the work scope. The user can manually provide the desired information 
with the input device 1 03 of the computer 1 01 , or the user could select options 
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appearing in a drop-down box. For example, the program could pre-populate the 
input section 303 with information from the Planned Configuration database 1 1 9 on 
the server 1 09. 



[0074] The program then searches the SB database 1 1 1 for Instances of the information 
provided by the user to the input section 303. The program displays the results of 
such query in the results seaion 305. If no SB introduced the part ( Le, no data 
appears in the results section 305), then the subject part is considered a basic part. A 
basic part was installed during original assembly of the engine ( Le. the part is in the 
As-Built BOM). 

[0075] If the desired part number appears in more than one SB { e.g. in the Add Parts List 
of one SB and in the Cancel Parts List in another SB), the user must specify one of the 
SBs before proceeding. 

[0076] Before choosing an SB, the user can obtain additional information regarding the 
SBs while in screen 301 . For example, box 303b allows the user to obtain information 
regarding Sets Requirements, Sets/Stage Requirements or Optional Dependency by 
clicking the Sets button. The program displays such information by opening another 
window (not shown). 

[0077] As stated earlier, a Sets Requirement requires the replacement of every part on the 
Cancel Parts List of the SB with the parts on the Add Parts List of the SB. In other 
words, a Set Requirement prohibits intermix of parts from the Add Parts List with 
parts from the Cancelled Parts List, 

[0078] A Sets/Stage Requirement differs from a Sets Requirement. A Sets/Stage 

Requirement may arise when an SB deals with the same part number at multiple 
locations within the engine. The Sets/Stage Requirement allows partial incorporation 
of the SB by replacing all of the subject parts at one location within the engine. For 
example, a Sets/Stage Requirement could allow the maintenance facility to replace all 
of the compressor blades from the fifth stage, without replacing the sixth stage 
blades. The maintenance facility would fully incorporate the SB during a subsequent 
maintenance visit by replacing the sixth stage blades. 

[0079] Optional Dependency differs from both a Sets Requirement and a Sets/Stage 
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Requirement. An Optional Dependency indicates related parts within the Add Parts 
List. An assembly (such as a ring segment), which Is formed by various 
subcomponents (such as vane assemblies and pins), typifies related parts within an 
SB. When an Optional Dependency exists, the program will display the options 
available for all of the related parts as a group. 

[0080] The program could use a Location Identifier (LID) to designate a specific location 
for a part in the engine (since a given part number could reside at multiple locations 
in the engine). The LID has five fields. The first three fields follow Air Transport 
Association (ATA) Specification 100 standards. That is, the first three fields of the LID 
refer to ATA Chapter, Section and Subject. Dashes separate the first three fields from 
^ the fourth field and the fourth field from the fifth field. The fourth and fifth fields 

J equate to the IPC Figure and Item Number that display the part. 

I 

i 

I [0081] The screen 301 also includes a tools box 309. In the tools box 309, the user can 
obtain additional information regarding the selerted part. Specifically, the user can 
obtain information regarding optional parts for the current SB level. Optional part 
information lists interchangeable parts ( Le, direct substitutes), alternate parts ( e.g. 
parts, such as clamps, that are usable even if undersized or oversized from the 
desired sized) and preferred parts ( Le. the choice of one interchangeable part over 
another interchangeable part) for the current SB level. The program could also provide 
the user with information regarding sourcing problems such as by querying the 
sourcing problems database. The program provides this additional information by 
opening a new window (not shown). 

[0082] The program obtains this information by querying an IPC database 123 on the 

server 109. The IPC database 123 preferably includes an electronic version of the hard 
copy IPC ( e.g. in HTML format) for viewing upon request by the user and a version of 
the IPC in a codification understood by the program when accessed during a query. 

[0083] Once the user selects the desired SB, the program refreshes the screen 301 . In 

particular, the program populates input section 303b with the relevant SB information. 
The program also replaces the results section 305 with an output section 307, The 
program populates the output section 307 with information from a query to the SB 
database 1 11 . A first section 307a of the output section 307 display parts added by 



APP ID=1 0063922 



Page 14 of 29 



the SB at the specific LID. A second sealon 307b of the output section 307 displays 
parts added by the SB at the other LIDs and which have a Sets Requirement. 

[0084] As described earlier, the maintenance facility has recognized a sourcing problem 
with a part- For example, the maintenance facility may have determined that part 
number 50L290 has a long lead time. This long lead time may affect the ability of the 
maintenance facility to complete the maintenance operation on time. The program 
allows the user to find a solution to the sourcing problem and to determine whether 
the solution is acceptable. Specifically, the program allows the user to determine if a 
suitable alternate part is available and whether the incorporation of the alternate part 
into the engine is a satisfactory solution. 

b f0085] The user has two options when determining the possibility of alternate parts. The 



part. To use the "down replacement" part as the alternate part, the user would need to 
modify the work scope to reverse the work steps described in the SB. 



[0087] The user can determine "up replacement" and "down replacement" parts by 
selecting the LID tree button in the tools box 309. The LID tree button provides a 
graphical representation of the "up replacements" and "down replacements" of the 
subject part. The program provides this information in a pop-up screen 351 
generated by the analysis module 300 of the program. 

[0088] The screen 351 provides engine location information 353 ( Le. LID), hierarchy 
information 355, incorporation information 357 ( Le, either displaying the SB that 
incorporated the part or an indication that the part is a basic part), and operation 
information 359 ( i,e, what the SB performs on the cancelled part). The program 
obtains this information during multiple iterations of queries to the SB database 111. 
The program iterates until the down replacement query reaches basic parts and the up 
replacement query finds no additional data. 




user can search for an "up replacement" for the subject part or a "dpwn replacement" 
for the subject part. An "up replacement" part is a part added by an SB which cancels 
the subject part. To use the "up replacement" part as the alternate part, the user 
would need to add the SB to the work scope. 



[0086] 



A "down replacement" part is a part cancelled by an SB which adds the subject 
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[0089] Since the specific SB may affect otiier parts In the engine ( e.g. due to a Sets 

Requirement), the user must ensure that the use of such "up replacement" or "down 
replacement" alternate part does not affect the engine configuration, does not overly 
complicate the maintenance operation, or significantly increase the price of the 
maintenance operation. The user determines the impact of using an "up replacement" 
or a "down replacement" by selecting a possible replacement appearing in the 
hierarchy with the input device 1 03 of the computer 1 01 . 

[0090] The program will then display information regarding the possible replacement 

part in another pop-up screen 371 . Figure 6 displays the screen 371 . Specifically, the 
user selected part number 50L390 as the possible replacement part. With this 
selection, the program launches the screen 371 . 

ll [0091] The screen 371 resembles screen 301 in Figure 4b. The screen 371 includes an 

I^J input section 373 and an output section 375. The program populates the input 

ill section 373 with the information on the possible replacement part selected by the 

115 user. The program then queries the SB database 1 1 1 for information to populate the 

i output section 375. A first section 375a of the output section 375 displays parts 

m added by the SB at the LID of the possible replacement part. A second section 375b of 

^ Ij the output section 375 displays parts added by the SB at other LIDs and which have a 

P Sets Requirement. In other words, the screen 371 allows the user to the ease or the 
difficulty of using the possible replacement part to overcome the sourcing problem. 

[0092] As seen in Figure 6, using the "up replacement" part 50L390 to avoid the sourcing 
problem does not appear difficult. The user may deem the use of this part an 
acceptable solution. If the user does not deem the part an acceptable part or the user 
wishes to continue investigating, then the user can close the screen 373 and return to 
the screen 351 to select another possible replacement part. 

[0093] Once the user has determined an appropriate solution to the unavailable part 

problem, the user would suggest this change to the engine owner. The engine owner 
would then evaluate whether the benefit of having the maintenance operation 
completed earlier with up or down replacement parts outweighs the cost of 
performing the extra SB to incorporate the up or down replacement parts. 
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[0094] Should the engine owner agree with the suggestion to use the up or down 

replacement part, the user would need to add the incorporation of such SB to the 
modification scope. The user adds the SB to the work scope using the planning 
module 200 described earlier. 

[0095] The present invention has been described in connection with the preferred 
embodiments of the various figures. It is to be understood that other similar 
embodiments may be used or modifications and additions may be made to the 
described embodiment for performing the same function of the present invention 
without deviating therefrom. Therefore, the present invention should not be limited to 
any single embodiment, but rather construed in breadth and scope in accordance with 
the recitation of the appended claims. 
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